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We present a novel experimental design for high sensitivity measurements of the electrical resistance of
samples at high pressures (0-6GPa) and high temperatures (300-1000K) in a ’Paris-Edinburgh’ type large
volume press. Uniquely, the electrical measurements are carried out directly on a small sample, thus greatly
increasing the sensitivity of the measurement. The sensitivity to even minor changes in electrical resistance
can be used to clearly identify phase transitions in material samples. Electrical resistance measurements are
relatively simple and rapid to execute and the efficacy of the present experimental design is demonstrated
by measuring the electrical resistance of Pb, Sn and Bi across a wide domain of temperature-pressure phase
space and employing it to identify the loci of phase transitions. Based on these results, the phase diagrams
of these elements are reconstructed to high accuracy and found to be in excellent agreement with previous
studies. In particular, by mapping the locations of several well-studied reference points in the phase diagram
of Sn and Bi, it is demonstrated that a standard calibration exists for the temperature and pressure, thus
eliminating the need for direct or indirect temperature and pressure measurements. The present technique
will allow simple and accurate mapping of phase diagrams under extreme conditions and may be of particular
importance in advancing studies of liquid state anomalies.
I. INTRODUCTION
Physical properties of materials under extreme con-
ditions of pressure and temperature have been a sub-
ject of increasing interest since the pioneering work
of Bridgman in the beginning of the last century.1
Since then, the pressure-temperature (P − T ) phase
diagrams of a large variety of materials, with par-
ticular emphasis on solid-solid and solid-liquid (i.e.,
the melting curve) phase transitions, have been stud-
ied extensively.2,3 During the last two decades, sev-
eral studies have observed anomalous behavior of struc-
tural, thermal and electrical properties in liquids, driven
by pressure and temperature. Prominent examples
are the elements phosphorus,4–6 selenium,7 sulfur,8,9
arsenic,10,11 bismuth,12,13 tellurium,14–16 as well as the
compounds Yttrium-Alumina [(Y2O3)x(Al2O3)1−x]
17–20
and water.21,22 Such anomalies may indicate transitions
between different liquid polymorphs, distinguished by
short range atomic order.
The study of structural properties in melts, at ambient
or at elevated pressure, typically utilizes synchrotron X-
ray or neutron radiation.23–25 However, whereas the iden-
tification of structural transitions between solid phases
and upon melting is well-developed, the state of the art
for determining structure in melts is still evolving.26,27
Therefore, it is desirable to develop relatively simple and
low-cost stand alone table-top measurement techniques
to complement the structural studies. There are several
a)Electronic mail: matityas@post.bgu.ac.il
alternative techniques suitable for studies of phase transi-
tions in condensed matter at high pressures and temper-
atures, such as differential thermal analysis (DTA), ther-
mobaric analysis (TBA), ultrasonic measurements, and
electrical resistance measurements.28 Measuring electri-
cal and thermodynamic properties may aid in identifying
new transitions or anomalies prior to conducting thor-
ough structural investigations. Furthermore, measure-
ments of electrical and thermodynamic properties form
a complementary approach to the investigation of phase
transitions which, in conjunction with structural mea-
surements, provide a broad picture of the studied tran-
sitions. In the present paper we focus on electrical resis-
tance. This measurement provides an efficient and sensi-
tive probe of structural and electronic transitions, while
being relatively simple and straightforward to implement.
Methods for electrical resistance measurements in the
P − T phase space were considered in Ref. 29 and two
pressure cell configurations suitable for high tempera-
tures electrical resistance measurements using a ’Paris-
Edinburgh’ (PE) large volume press,30–35 namely direct
and indirect heating configurations, were proposed. The
direct heating configuration, meticulously developed in
Ref. 29, utilizes a high current directly supplied through
the anvils to the sample, and heats it. The sample is
wrapped by a cylindrical sleeve (made of graphite in Ref.
29) which does not react with the sample and serves as a
pressure-transmitting medium. The electrical resistance
of the sample is extracted from the measured voltage
drop on the sample-sleeve combined assembly (generated
by the high heating current). The indirect heating con-
figuration, on the other hand, utilizes a high heating cur-
rent supplied through the anvils to a resistive heater.
2The sample, mounted in a good thermal conducting cap-
sule (usually BN), is insulated from the heater thereby
being indirectly heated. The electrical resistance of the
sample is measured by means of a separate (small) cur-
rent, passing to the insulated sample through two metal-
lic electrodes. Due to the small dimensions of the sample,
combined with the cell assembly geometry, the indirect
heating configuration is more complex to implement in
the Paris-Edinburgh large volume press. However, the
indirect heating configuration has some substantial ad-
vantages, among which are:
(i) Direct measurement of the potential drop across
the sample reflects its actual electrical resistance,
thereby allowing higher sensitivity to small changes
in the electrical resistance of the sample. In the
direct heating technique, on the other hand, the
measured electrical resistance is the equivalent re-
sistance of the sample-sleeve combined assembly. If
the pressure-transmitting medium is made of a con-
ducting material (such as graphite in Ref. 29), the
equivalent resistance will be less sensitive to changes
in the electrical resistance of the sample alone.
(ii) Indirect heating configuration requires smaller sam-
ples resulting in substantially smaller pressure and
temperature gradients along the sample.
(iii) In the direct heating configuration, abrupt changes
in the electrical resistance of the sample during a
phase transition introduce power (hence tempera-
ture) instabilities.36 To overcome this problem, a
feedback algorithm involving fast data acquisition
electronic system should be introduced.29 Such a
problem does not exist in the indirect heating con-
figuration since the sample is not a part of the heat-
ing system. Therefore, the temperature is not af-
fected by any changes in the electrical resistance of
the sample.
The applicability of the direct heating configuration
to electrical resistance measurements in a PE large vol-
ume press has been demonstrated in Ref. 29. We are
not aware of similar measurements in the indirect heat-
ing configuration. It is thus advantageous to examine the
feasibility of this technique and to examine if the poten-
tial advantages relative to the direct heating technique
can be obtained in practice.
An essential ingredient of high pressure experiments is
the determination of the actual pressure and temperature
conditions of the sample. Technical issues such as high
shear/tensile forces acting on small size samples raise ob-
stacles for a direct measurement of the actual pressure
and temperature of the sample. Therefore, a calibra-
tion procedure relating the sample pressure and temper-
ature to the external, well-controlled, variables (e.g. ex-
ternal force, oil pressure and heating power) should be
employed. It should be emphasized that different cell
assemblies and measurement protocols may posses quan-
titatively different calibrations. Therefore, one should
apply a calibration procedure for any new experimental
technique or a measurement protocol. The most com-
mon calibration method, incorporated in large-scale fa-
cilities, utilizes internal calibrants (e.g. NaCl, MgO, Au)
for which the equation of state is well known. Two in-
dependent calibrants may be used for cross-calibration
of pressure and temperature.37,38 Small-scale laborato-
ries, on the other hand, usually derive a pressure calibra-
tion curve by identifying well-defined phase transitions
in some elements or compounds (e.g., Bi, Tl, Ba, ZnTe),
which serve as pressure reference points.39 Temperature,
in many cases, is directly measured by introducing a ra-
dial thermocouple in the vicinity of the sample.40–43 As
opposed to the situation in a multi-anvil high pressure
apparatus, the cell assembly in the PE press is uniaxi-
ally compressed. As a result, a certain amount of radial
flow of the pressurized cell assembly takes place during
compression. Such a flow may cause radial displacement
of the thermocouple, shifting it away from the sample.
A readout of the displaced thermocouple does not reflect
the actual temperature of the sample during the experi-
ment. We thus calibrate the temperature in addition to
the pressure by using several high temperature reference
points in the phase diagrams of Sn and Bi (similarly to
Ref. 29).
In the present paper we present a novel experimental
setup for electrical resistance measurements of materi-
als at elevated pressures (up to ≈ 6GPa) and temper-
atures (up to ≈ 1000K), based on an indirect heating
technique using a PE large volume press. The design
of such a pressure cell is described. The high sensitiv-
ity of the present approach and its utility in identifying
phase transitions is demonstrated by measurements on
Pb, Sn and Bi. Through consideration of several well-
studied reference points in the phase diagrams of Sn and
Bi, we determine a calibration curve for the pressure and
temperature in our setup, thus eliminating the need for
independent measurements of these quantities.
The outline of the paper is as follows: In Sec. II we
elaborate on the technical details of the construction of
the pressure cell. We describe the experimental setup
(Sec. II A) and the sample assembly (Sec. II B). The sys-
tem performance is examined in Sec. III. Preliminary
electrical resistance measurements of Pb, Sn and Bi sam-
ples are presented in Sec. III A. The results are discussed
and compared to previously published data. We then de-
scribe the procedure used to calibrate the actual pressure
and temperature of the sample (Sec. III B). The calibra-
tion is based on several reference points in the phase di-
agrams of Sn and Bi. The quality of the measurements
and the sample pressure and temperature calibration is
tested by constructing the P − T phase diagrams of Pb,
Sn and Bi and comparing them with those available in
the literature. Finally, we summarize and discuss our
results and their implications in Sec. IV.
3II. EXPERIMENTAL
A. Experimental setup
In order to control the sample pressure, we utilized the
V1-PE large volume press (piston cross section=100cm2)
coupled with a computer controlled hydraulic pump to
thrust the pressing piston. The relation between the force
F and the oil pressure Poil in our setup is F = 0.1Poil,
where the oil pressure is measured in bars and the force is
measured in ton-force. The oil pressure can be increased
up to about 1kbar and is monitored by a pressure trans-
ducer. According to Refs. 31 and 44, a pressure gradi-
ent of 0.3GPa was found at a pressure of 6GPa, over a
distance of 3mm from the center of the cell. Since our
sample is only 0.5mm in diameter, it would be reasonable
to expect a pressure gradient of ∼ 0.05% over the entire
sample.
DC power supply connected to the anvils heats the
cylindrical graphite heater (see Fig. 1 and the descrip-
tion in Sec. II B). Power ramping was controlled by a pro-
grammable power module connected to the high power
supply, by which the heating power increment ∆W , be-
tween subsequent data points, is controlled. To dismiss
heating rate effects on the amplitude of the discontinu-
ities or the corresponding values of pressure and temper-
ature, every experiment was repeated two to four times
with various heating rates of 3.75, 7.5, 11.25, 15W/min.
The automated control system allows accurate control
of pressure and temperature independently. Hence, iso-
baric or isothermal modes may be performed. A ma-
jor drawback of the isothermal measurement is that the
sample chamber undergoes irreversible deformations dur-
ing compression and decompression. Such deformations
severely limit the number of isothermal runs which may
be performed in a given pressure cell assembly. As a re-
sult, measurements in a large volume press are usually
carried out in an isobaric mode.
At low pressures, percolation of the melt through the
BN medium (Fig. 1) is a recurring problem when imple-
menting indirect heating configuration. This problem is
more pronounced during the first compression process. In
order to avoid sample percolation, we employed a proto-
col in which the oil pressure is raised to 760bar (which is
equivalent to a sample pressure P ≈ 6.3GPa, see below),
followed by a series of isobaric measurements upon de-
compression. All the results shown below were obtained
using this protocol.
B. Sample chamber
A 10mm bi-conical pyrophyllite cell was utilized and
the cell assembly is presented in Fig. 1. A cylindrical
sample (0.5 × 0.5mm) was mounted in an electrical in-
sulating h-BN capsule (outer diameter 2.8mm). The BN
capsule was mounted within a graphite cylinder (outer
diameter 3.5mm) sealed by two graphite disks, which
serves as a resistive heater. The graphite heater is elec-
trically connected to the anvils by means of Mo disks
and steel rings filled with MgO powder. Heating of
the graphite heater is then possible by passing a high
current through the anvils. The anvils are maintained
at room temperature by external water cooling. Two
0.2mm tungsten electrodes were inserted to contact the
sample, via radial drills through the bi-conical pyrophyl-
lite cell. A 0.1mm tungsten wire was coiled around the
tungsten electrodes, in order to prevent its disconnection
during compression. To avoid contact with the graphite
heater the electrical probes were sheathed by Al2O3 tubes
(∅0.8mm). AC current, via a well-defined shunt resistor
(Rshunt = 500Ω), was supplied to the sample and the
voltage drop across it was recorded during the entire ex-
periment.
(a)
(b)
FIG. 1. (Color online) Schematic of 10mm bi-conical pyro-
phyllite cell assembly. (a) Cross-cut and (b) ”exploded” view.
(1) 10mm bi-conical pyrophyllite cell (2) BN sample chamber
(3) sample (4) graphite heater (5) Teflon ring (6) Mo disk (7)
ceramic insulator (8) steel contact ring (9) coiled tungsten
electrode (10) Al2O3 sheath tube
4III. RESULTS
A. Experimental data
To validate the performance of our experimental de-
sign, measurements were carried out on lead (Pb), tin
(Sn), and bismuth (Bi) samples. The well-known phase
diagrams of these elements exhibit increasing complex-
ity. At moderate pressures, the phase diagram of Pb is
characterized by a single solid phase and a melting curve
exhibiting a positive slope (dTm/dP > 0), as shown in
the inset of Fig. 2.2,3,45,46 The melting curve of Sn is
characterized by a positive slope and includes a solid-
solid-liquid triple point (see inset of Fig. 3).2,3,36,47,48 Fi-
nally, the phase diagram of Bi comprises multiple solid
phases, transitions in the liquid state,12,13 and an anoma-
lous melting curve characterized by a negative slope at
the low pressures range.2,3 [see inset of Fig. 4(a)].
Figures 2, 3 and 4 show a series of isobaric measure-
ments of the voltage drop (proportional to the electrical
resistance of the sample) across the sample as a function
of heating power, measured upon heating of Pb, Sn and
Bi samples, respectively. The data obtained upon cool-
ing exhibit the same behavior, apart from an hysteresis
characteristic of first-order phase transitions, as shown
for the first isobar in Fig. 2.
0 50 100 150 200 250 300 350 400
1
1.2
1.4
1.6
1.8
2
2.2
2.4
2.6
2.8
3
Power[W]
V
s
[m
V
]
 
 
172bar
207bar
241bar
276bar
310bar
345bar0 2 4 6 8 10
500
700
900
1100
1300
P[GPa]
T
[K
] Liquid
I
I
L
FIG. 2. (Color online) Voltage drop across a Pb sample as a
function of heating power at selected oil pressures. For clar-
ity, the curves are vertically biased. The solid (I) and liquid
phases are labelled on the first isobar and on the Pb phase
diagram in the inset. For the isobar at Poil = 172bar, mea-
surements carried out upon heating (solid curve) and cooling
(dashed curve) are presented. Two eye-guiding dotted lines
represent the beginning and ending of the melting transition.
The small distance between the lines demonstrates the small
temperature and pressure gradients across the sample.
The measurements performed on Pb (Fig. 2) exhibit
a sharp ”step-like” discontinuity which corresponds to a
solid-liquid phase transition (melting). The transition
temperature increases with pressure, as expected from
the positive slope of the melting curve of Pb.2,3,45,46 At
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FIG. 3. (Color online) Voltage drop across an Sn sample as a
function of heating power at selected oil pressures. For clarity,
the curves are vertically biased. The corresponding phases are
labelled on selected isobars and the Sn phase diagram in the
inset.
low pressures, the Sn measurements (Fig. 3) exhibit a
similar trend as Pb. However, an additional phase tran-
sition is present at Poil ≈ 262bar, accompanied by a
smaller discontinuity in the electrical resistance. This
point is attributed to the I-III-L triple point in the phase
diagram of Sn (see inset of Fig. 3). For Poil > 262bar,
the temperature range in which phase III exists enlarges
with increasing pressure. Simultaneously, the existence
range of phase I decreases.
Results of the electrical resistance measurements of Bi
are presented in Fig. 4. The measurements shown in
Fig. 4 are in excellent agreement with previous electrical
resistance measurements.49 The transition from a semi-
metallic phase (phase I) to a metal (phase II) is well-
studied50,51 and is widely used for pressure calibration.
This transition is characterized by a sharp drop in electri-
cal resistance.49,51 Such a sharp drop can be clearly ob-
served in Figs. 4(a) and 4(b). As the pressure increases,
this transition occurs at higher heating powers. This im-
plies that the I-II coexistence curve in the P − T phase
space is characterized by a negative slope, dT/dP < 0.
The II-L (melting) transition temperature, on the other
hand, exhibits almost no pressure dependence. These
findings are in qualitative agreement with the Bi phase
diagram [see inset of Fig. 4(a)].
As the pressure increases, the stability range of phase
II expands while that of phase I shrinks [see Figs. 4(a)
and 4(b)]. At Poil ≈ 155bar and above, phase I does not
exist above room temperature. The triple point II-VII-L
can also be identified from the measurements shown in
Fig. 4(b). It is readily seen that at Poil ≈ 148bar an addi-
tional phase begins to develop before the melting transi-
tion, with the transition accompanied by a decrease in the
electrical resistance. This discontinuity is associated with
the II-VII transition. The range of phase VII increases
with increasing pressure, as seen in Fig. 4(c), along with
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FIG. 4. (Color online) Voltage drop across a Bi sample as a
function of heating power at selected oil pressures. For clarity,
the curves are vertically biased. The corresponding phases are
labelled on selected isobars and on the Bi phase diagram in
the inset of (a).
the appearance of the II-III transition, accompanied by a
large increase in the electrical resistance. With increas-
ing pressure, phase II disappears in favor of phase III
and the transition temperature strongly decreases with
increasing pressure. At Poil ≈ 193bar phase II does not
exist above room temperature. At Poil ≈ 286bar an ad-
ditional transition appears before the melting transition,
accompanied by a further sharp decrease in the electri-
cal resistance (see Figure 4(d)). This point corresponds
to the VI-VII-L triple point. As pressure is further in-
creases, the stability range of phase VI expands while
that of phase VII shrinks. The III-VII transition tem-
perature, however, does not shift with increasing pres-
sure. At Poil ≈ 552bar phase VII is not stable anymore,
which indicates the existence of a IV-VI-VII triple point.
It should also be noted that the melting curve of phases
VII and VI [Figs. 4(c) and 4(d)] is characterized by a
positive slope (dTm/dP > 0). All these observations are
in line with the Bi phase diagram [inset of Fig. 4(a)].
As mentioned above, measurements were carried out
isobarically. Such a thermodynamic path may prevent
the detection of the almost vertical coexistence curve of
phases III and IV. However, by careful inspection of Fig.
4(d) one may observe a change in the slope dVs/dW of the
low-pressure phase at Poil ≈ 379bar; the slope dVs/dW of
the low-pressure phase for Poil ≤ 345bar is slightly larger
than that of the low-pressure phase for Poil ≥ 379bar.
This observation suggests that the phase transition III-IV
occurs at room temperature for 345bar < Poil < 379bar.
All measurements discussed above incorporate various
solid-solid and solid-liquid phase transitions readily iden-
tified by clear and sharp discontinuities. These measure-
ments were found to be reproducible upon several heating
and cooling cycles. In comparison to measurements in Sn
and Bi samples using the direct heating configuration,
employed in Ref. 29, the following difference should be
emphasized. In the direct heating configuration, phase
transitions in Sn and Bi are identified by changes in the
slope of the electrical resistance as a function of heating
power. In many transitions the change in the slope is
rather small, making it difficult to observe phase tran-
sitions unambiguously. Two possible sources may con-
tribute to the smearing of the sharp transitions in the di-
rect heating configuration: (i) The electrical resistance of
the graphite pressure-transmitting medium which serves
as a parasitic resistor connected in parallel to the sample,
hence diminishes the sample role in the measured equiv-
alent resistance. (ii) The significant pressure and (espe-
cially) temperature gradients across the sample length
in the direct heating configuration. These result in a
gradient in the electrical resistance of the sample, which
smears the sharp discontinuities at phase transitions.
Both of these problems are absent in the indirect heat-
ing configuration. The measured electrical resistance is
that of the sample itself and the small sample dimen-
sions limit the pressure and temperature gradients. In
the next section we use the above measurements to cal-
ibrate the sample pressure and temperature in terms of
the oil pressure and heating power. Based on this cali-
6bration, we then derive the P −T phase diagrams of Pb,
Sn and Bi.
B. Pressure and temperature Calibration
As discussed in the introduction, we apply a simple
fitting procedure to several reference points in the phase
diagrams of Sn and Bi. These reference points are la-
belled in the insets of Fig. 5(a) and discussed in Sec.
III A. To relate the sample pressure and temperature to
the oil pressure (Poil) and heating power (W ), we assume
the following relations:29
P = P
∞
(
1− e−Poil/P0
)
, (1)
T = a(P ) ·W + T0. (2)
Equation (1) consists of two fitting parameters, P
∞
and
P0, which are assumed to be temperature independent.
As in Ref. 29, we found that this assumption remains
valid for temperatures up to 1000K, the maximum tem-
perature explored in our experiments. The exponential
decay function in Eq. (1) reflects the gasket deformation
and accounts for the deviations from linear response at
higher pressures.29 At a given pressure, Eq. (2) assumes a
linear variation of the sample temperature as a function
of heating power, as verified in previous works.29,43 The
slope of the straight line was shown to be slightly pressure
dependent.29,43 We thus assume a(P ) = a0+ a1P , where
a0 and a1 are parameters to be fitted. The parameter T0
in Eq. (2) describes the sample temperature in the ab-
sence of heating power and is taken as T0 = 295K. Vari-
ations of ±10K in this value produce very small changes
in the values of the fitting parameters a0 and a1.
Following Ref. 29, we first calibrate the sample pres-
sure using six reference points in the phase diagram of
Bi and one triple point in the phase diagram of Sn, as
labelled in the inset of Fig. 5(a). The fitting parame-
ters are found to be P0 = 414bar and P∞ = 7.5GPa
and the corresponding calibration curve is shown in Fig.
5(a). The uncertainty in the sample pressure is esti-
mated to be 5%. Having calibrated the sample pres-
sure, we used a two-dimensional fitting procedure to fit
the sample temperature according to Eq. (2). The fit-
ting parameters are found to be a0 = 1.82KW
−1 and
a1 = −0.027KW
−1GPa−1 and the corresponding calibra-
tion surface, T = T (P,W ), is shown in Fig. 5(b). The
uncertainty in the sample temperature is estimated to be
20K.
It should be stressed that the sample pressure and tem-
perature calibration in Fig. 5 applies only for the protocol
used in this work, i.e., for a compression to Poil = 760bar
followed by a decompression process. Indeed, the values
of the fitting parameters P0, P∞, a0 and a1 are quite
different from those evaluated in Ref. 29. This may be
attributed to inherent differences between the direct and
indirect heating configurations, but also to the different
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FIG. 5. (Color online) (a) Sample pressure calibration curve,
P = P (Poil), derived from a fitting to Eq. (1), based on several
reference points in the phase diagrams of Sn and Bi as labelled
in the insets. (b) Sample temperature calibration surface,
T = T (P,W ), derived from a fitting to Eq. (2), based on
the high-temperature reference points also used for pressure
calibration.
protocol used in Ref. 29, in which measurements were
performed upon compression.
The quality of the calibration procedure and the data
in Figs. 2-4 can be examined by constructing the P − T
phase diagrams of Pb, Sn and Bi from our electrical re-
sistance measurements. In each of the isobars presented
in Figs. 2-4, the values of the oil pressure and heating
power corresponding to the onset of the phase transitions
were identified. The corresponding sample pressure and
temperature were then derived using the calibration pre-
sented above. The resulting phase diagrams are shown
in Fig. 6. The excellent agreement between the phase di-
agrams derived from our data and those reported in the
literature is clearly evident.2,3 This demonstrates that
the calibration does not vary within our experiments and
well-defined relations exist between the sample pressure
7and temperature and the oil pressure and heating power
within the pressure and temperature range of the ex-
periment (up to 6GPa and 1000K). These relations are
well modelled by Eqs. (1) and (2). Additionally, Fig.
6 supports the errors in estimating the sample pressure
and temperature indicated above, i.e. ±5% in the sample
pressure and ±20K in the sample temperature.
IV. DISCUSSION AND CONCLUSIONS
We have demonstrated a simple, low-cost and sensi-
tive experimental design for measurements of electrical
resistance at elevated pressures (up to 6GPa) and tem-
peratures (up to 1000K) using a PE large volume press.
The sample is indirectly heated by a resistive graphite
heater. A detailed description of the cell assembly is
provided. Technical challenges associated with the pre-
sented method, namely the disconnection of the metallic
electrodes during compression and the percolation of the
melt through the BN medium, were considered.
Measurements carried out on Pb, Sn and Bi samples
are presented. The measurements are of excellent quality,
exhibiting clear discontinuities in the electrical resistance
of the sample at phase transitions. These pronounced
(nearly abrupt) changes indicate that the pressure and
temperature gradients across the sample are very small.
These measurements were used to calibrate the sample
pressure and temperature as a function of oil pressure and
heating power, as well as to validate the performance of
the experimental setup. It was found that a calibration
independent of sample type exists, thus making indepen-
dent measurements of the temperature and pressure re-
dundant.
Based on the sample pressure and temperature cal-
ibration, the P − T phase diagrams of the above ele-
ments were reconstructed and found to be in very good
agreement with previously published ones. We have thus
shown that accurate electrical resistance measurements
can be carried out in a PE large volume press using
the indirect heating configuration and may be used to
probe phase transitions and anomalous behavior of con-
densed matter under extreme conditions. Though en-
tailing some technical challenges compared to the direct
heating configuration,29 the quality of the data achieved
in the indirect heating configuration is much better. The
small dimensions of the sample result in very small pres-
sure and temperature gradients. Furthermore, the indi-
rect heating configuration allows one to probe only the
sample, without the effect of the surrounding medium as
in the direct heating configuration.29
Future experiments with the present method will be
aimed at investigations of elemental systems and alloys
as well as challenging studies of liquid-liquid phase tran-
sitions. In particular, we believe that the high sensitivity
of our measurements, even to minor changes in electrical
resistance, will allow us to shed more light on liquid-
liquid transitions.
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FIG. 6. (Color online) Comparison between the phase dia-
grams of (a) Pb (b) Sn and (c) Bi derived from our mea-
surements (red points) and those previously published in the
literature (solid black lines).2,3,36,45,49
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